We performed metabolic balance studies in 77 preterm infants fed on human milk or adapted formulas, to determine the renal solute load and compared it with the potential renal solute load estimated by the composition of the diet or the urine according to Ziegler (277) g).
Renal solute load consists of the metabolic end products, especially nitrogenous compounds and electrolytes, that must be excreted by the kidneys. These solutes arise from endogenous sources and from the diet.
Prediction of renal solute load is important because renal function is not fully developed in the neonatal period, particularly in preterm infants. Indeed because of their limited renal concentrating ability, immature infants can develop negative water balance when fed on formulas with a high renal solute load, or if they are given a low water intake, or develop increased extrarenal losses of water.
Ziegler and Fomon derived a simple method to predict renal solute load from dietary protein and electrolyte intake in growing full term infants of 4000 to 7000 g fed cows' milk.' Because some of the assumptions in their calculations are not appropriate for growing infants with immature renal function Bergman, Ziegler, and Fomon published another method for predicting the renal solute load in growing preterm infants. 2 Shaw et al have described the estimation of renal solute load in growing preterm infants from urinary excretion of urea and electrolytes, assuming a retention of nitrogen, sodium, and potassium based on rates of intrauterine accretion. 3 The aim of this study was to compare the potential renal solute load (calculated from the equations proposed by these authors) and the measured renal solute load in preterm infants fed on human milk or different formulas during metabolic balances. Because the growing infant incorporates into new tissue a portion of those substances present in the diet (protein, potassium, phosphate, etc), which in the non-growing subject would be presented to the kidney for excretion, an 'osmolar equivalent of weight gain' was removed from the calculated potential renal solute load. A theoretical estimate of the size of this sparing effect, based on the body composition of the newborn infant, suggests an osmolar equivalent of weight gain of 0-9 mmol/g weight gain. 2 Finally, the potential renal solute load was evaluated using Shaw's calculations, from the equation: total urine solute=(urine urea/mmol/ day)x2(urinary Na+urinary K/mmol/day).3 Urine urea and urine sodium (Na) and potassium (K) were calculated by subtracting from the intake a quantity assumed to be retained in growing preterm infants: 320 mg nitrogen/kg/ day, 1 mmol/kg/day of sodium, and 0 7 mmol/ kg/day of potassium. 3 All values are expressed per kg body weight/ day.
STATISTICAL ANALYSIS
The significance of the difference between the arithmetic means was evaluated using Student's t test. The association between potential renal solute load and measured renal solute load was analysed using the method of least squares and linear regression analysis.
Results
The table reports the results of metabolic balance studies in the two groups expressed as mean (SD)/kg body weight/day. Volume and energy intake were similar in the two groups.
Nitrogen intake in the formula fed group was significantly higher than in the group fed human milk because of the higher protein content of formula. The infants fed on human milk received an average of 424 mg nitrogen/kg/day corresponding to a net protein intake of 2-7 g/kg/day. Infants fed on formula received an average of 548 mg nitrogen/kg/day corresponding to a net protein intake of 3-4 g/kg.
Phosphorus intake was higher in formula fed infants than in the group fed on human milk. Urinary volume was similar in the two groups and represented about three quarters of the volume intake. Nitrogen excretion was significantly higher in formula fed infants and averaged 21% of the nitrogen intake in the group fed 15 (2) 15 (3) on human milk and 38% in the formula fed group. Distribution of total urinary nitrogen was 72% in urea, 10% in uric acid, 9% in ammonia, 5% in creatinine, and 2% undetermined in the group fed human milk and 76%, 10%, 9%, 4%, and 1% respectively in the formula fed group. As shown in fig 1, the contribution of urea to the renal solute load increased with increasing renal solute load.
Combined urinary excretions of sodium, chloride, and potassium accounted for approximately 60% of dietary intake in both groups (on average 63% in the group fed human milk and 57% in the formula fed group). The remainder of the renal solute load was almost constant.
There was a highly significant association (r=0-74; p<0001) between potential renal solute load estimated by Ziegler are variable and increase with decreasing body weight and gestational age. The main conclusion of this study is that in healthy preterm infants fed on human milk and adapted formulas there is a relatively low renal solute load in comparison with older infants. This will not stress the urinary concentration mechanism if the extrarenal water losses are low and the urinary volume high.
The calculation proposed by Ziegler and Fomon to predict renal solute load in term infants appears to be a simple and a precise method for estimating renal solute load in healthy preterm infants.
